We discover the significant (significance level of >99%) correlations between the fractional variation of the ionizing continuum and that of the C IV and/or Si IV BALs in each of 21 BAL quasars that have at least five-epoch observations from the Sloan Digital Sky Survey-I/II/III. This result reveals that the fluctuation of the ionizing continuum is the driver of most of these BAL variations. Among them, 17 show negative correlations and the other 4 positive correlations, which agrees with the prediction of photoionization models that absorption line variability response to ionization changes is not monotonic. 8 quasars out of 21 examples have been observed at least 30 times on rest-frame timescales as short as a few days, which reveals that changes in the incident ionizing continuum can cause BAL variability even in such a short period of time. In addition, we find that most of the 21 quasars show larger variation amplitude in Si IV than C IV, which reveals the ubiquity of saturation in these BALs (at least for C IV BALs).
INTRODUCTION
It is well known that the intrinsic absorption lines, including broad absorption lines (BALs; with line widths >2000 km s −1 ; Weymann et al. 1991) , narrow absorption lines (NALs; with line widths of only a few hundred km s −1 ) and mini-BALs (with line widths between NALs and BALs; e.g., Hamann & Sabra 2004) , can show variation in strength and shape over restframe timescales from days to years (e.g., Chen et al. 2015; Grier et al. 2015; Wang et al. 2015; He et al. 2017; Chen et al. 2018a,b; Hemler et al. 2019 , and references therein). The intrinsic absorption line variability may be caused by ionization state variability of the absorption gas (e.g., Crenshaw et al. 2003, and references therein) or by variability in the coverage fraction that caused by, for example, gas transverse motion (e.g., Hamann et al. 2008) . Investigation of the relationship between the variability of absorption lines and that of the continuum can provide clues in understanding variation mechanism of the absorption lines.
In recent years, many efforts in systematic studies on the intrinsic absorption lines have been made to confirm the relationship between the variability of absorption lines and that of the continuum. In the field of BALs and/or mini-BALs, a few works have reported the lack of correlation between the BAL and the continuum variations (e.g., Gibson et al. 2008; Wildy et al. 2014; Vivek et al. 2014) . Based on a sample of 452 quasars from the Sloan Digital Sky Survey Data Release 10 (SDSS DR10), Wang et al. (2015) qualitatively confirmed that the variations of C IV, N V, and Si IV BALs/mini-BALs show high synchronization with those of the ionizing continuum and emission lines, and concluded that the variability of the absorption lines is driven mainly by variations in the gas ionization as response to the continuum variations. Based on the statistical analysis of a sample of 2005 BAL quasars from the SDSS-I/II/III, He et al. (2017) further concluded that variability of BAL in more than 80% of quasars are caused by the variation of the ionizing continuum. More recently, correlation between the variation of the ionizing continuum and BALs has been confirmed by several papers Vivek 2019) . In the field of NALs, Lu et al. (2017) confirmed, for the first time, the significant correlation between the variability of NALs and the ionizing continuum, using a twoepoch spectral sample of 40 quasars containing 52 variable C IVλλ1548, 1551 absorption doublets constructed by Chen et al. (2015) . Chen et al. (2018a,b) further confirmed this correlation based on a larger variable NAL sample with more epoch observations.
Although the correlation between the the variability of intrinsic absorption lines and that of the ionizing continuum has been confirmed based on statistical analy- ses, the relationships between them in individual quasars are still unclear. As far as we know, only a few studies have reported correlation analysis between the variability of intrinsic absorption lines and that of the ionizing continuum in individual quasars with multi-epoch observations (Gabel et al. 2005; He et al. 2014; Huang et al. 2019) . The large number of quasars with multi-epoch spectroscopic from the SDSS (York et al. 2000) provide a good opportunity for the research in this field. In this paper, we will investigate the relationships between the variability of absorption lines and that of the continuum in individual quasars with multi-epoch spectroscopic observations by SDSS. The sample selection and correlation analysis methods are given in Section 2. The discussions about our results are presented in Section 3. A brief conclusion is given in Section 4.
SAMPLE SELECTION AND CORRELATION ANALYSIS
Our initial sample consists of 2005 BAL quasars constructed by He et al. (2017) from the SDSS-I/II/III. Among them, there are 46 quasars have at least fiveepoch observations and a signal-to-noise ratio (S/N) level of S/N>10 in one-epoch observation at least. Because each quasar has m (m ≥ 5) spectra, there are a total of C 2 m = m(m − 1)/2 spectra pairs. We downloaded spectra of these 46 quasars from SDSS DR14 and fitted power-law continua for them using the procedure from . We used the power-law continuum flux at 1350Å to represent the strength of the ionizing continuum for each spectrum. The equivalent width (EW) values of the BALs were derived from the catalog of He et al. (2017) . Then we performed the correlation analyses between the fractional variation of the ionizing continuum and that of the C IV and/or Si IV BALs for each two observations of each the 46 quasars. Equations for calculating the fractional variation of the ionizing continuum and BALs is adopted from (equations (2) and (4) in therein). Finally, we got 21 out of 46 quasars showing significant correlations (p-value<0.01) between the fractional variation of the ionizing continuum and that of the C IV and/or Si IV BALs. Plots of the fractional variation of the ionizing continuum with that of the C IV and Si IV BALs, as well as the C IV versus Si IV BALs are shown in Figure 1 . The results of the Spearman's rank correlation analysis are listed in Table  1 .
RESULTS AND DISCUSSIONS

The cause of the BAL variability
The most important result in this paper is that we confirm the significant correlations between the fractional variation of the ionizing continuum and that of the C IV and/or Si IV BALs for each of 21 quasars. This is the first systematic study of the correlation analysis between the variability of intrinsic absorption lines and that of the ionizing continuum in individual quasars based on a large sample with multi-epoch observations. These statistical results serve as strong evidence for the idea that fluctuation of the ionizing continuum is the driver of most of the BAL variation of these quasars.
Among these sources, two have been investigated in details by previous papers. For one of them, SDSS J022844.09+000217.0 has been investigated by He et al. (2014) . They found no significant correlation between the EW of C IV/Si IV BAL trough and the ionizing continuum in this source based on 18 epochs of spectroscopic observations, so they concluded that the BALtrough variability is not dominated by photoionization. However, we do find significant moderate anticorrelation between the fractional variation of the ionizing continuum and that of both C IV and Si IV BALs (see Table  1 ), when combining with five more epochs of spectroscopic observations (Table 1) . Based on our results, we hold the view that the BAL-trough variation in SDSS J022844.09+000217.0 is dominated by photoionization, which is the response to the change of the ionizing continuum.
For the other one, SDSS J141007.74+541203.3 has been severally investigated by Grier et al. (2015) and Huang et al. (2019) . Grier et al. (2015) found that (1) variations over the whole BAL trough rather than in some snippets, and (2) coordinate variability of the highvelocity C IV BAL (their Trough A) and the mini-BAL (their Trough B). Huang et al. (2019) reported the anticorrelation between the EW of BALs and the flux of the ionizing continuum of this quasar, based on just the spectra showing significant EW variations. Both Grier et al. (2015) and Huang et al. (2019) held the view that the most likely cause for the BAL variability in this source is a rapid response to the ionizing continuum changes. In this paper, we confirmed the significant anticorrelation between the fractional variation of the ionizing continuum and that of both C IV and Si IV BALs (see Table 1), which is consistent with the conclusion made by Grier et al. (2015) and Huang et al. (2019) .
Positive vs. negative correlations
Another important result of our study is that we found both negative and positive correlation cases between the fractional variation of the ionizing continuum and that of the C IV and/or Si IV BALs. In fact, both the photoionization simulations (e.g., Wang et al. 2015; He et al. 2017 ) and systematic studies of the absorption lines (Wang et al. 2015; He et al. 2017; Lu et al. 2017; Chen et al. 2018b ) have heralded that the ionic column density of a specific species could show response to a continuum variability positively or negatively. On the one Plots showing the ∆EW/ EW C IV vs.
∆F cont / F cont 1350 (left panels), ∆EW/ EW Si IV vs. ∆F cont / F cont 1350 (middle panels), and ∆EW/ EW Si IV vs. ∆EW/ EW C IV (right panels) for each of 21 quasars.
hand, photoionization simulations show that absorption line response to ionization variability is not monotonic (see e.g., figure 3 in He et al. 2017) . When the absorbing gas are at a relatively low ionization state, the EW of the C IV/Si IV BAL show positive response to the continuum variation, otherwise, the negative response reveals the relatively high ionization state. On the other hand, based on large absorption line samples, statistical studies in both BALs (e.g., Wang et al. 2015; He et al. 2017) and NALs (Lu et al. 2017; Chen et al. 2018b ) also showed that the variations of intrinsic absorption lines are positively or negatively responded to the alternations of quasar continua. These two kinds of respond suggest that the variable intrinsic absorption lines can be divided into at least two classes: one is highly ionized systems dominated by absorbing gas in high ionization and show negative response to changes of quasar emissions; and the other is lowly ionized systems dominated by absorbing gas in low ionization and show positive response to changes of quasar emissions.
However, rare convincing individual cases on the EW of C IV/Si IV BAL showing positive response to the continuum variation have been reported. Here, we find that 17 out of 21 examples show negative correlations, while 4 (SDSS J142225.03+535901.9, SDSS J142404.66+532949.6, SDSS J164741.69+411545.3, SDSS J024557.23-000823.4) out of 21 examples show positive correlations. Our results are consistent with the previous systematic studies and provide observational evidence for the photoionization model in explaining the variation of BALs.
3.3. Rapid BAL variability 8 out of our 21 examples were intensively observed in the year of 2014 in the Sloan Digital Sky Survey Reverberation Mapping Project (SDSS-RM; Shen et al. 2015) , which obtained spectra of 32 epochs of 849 quasars on the SDSS 2.5m telescope (Gunn et al. 2006; Smee et al. 2013) . In this project, the median spacing between observations is as short as about 4 days (Shen et al. 2015) . Analyses on the time variability of BALs of the SDSS-RM project were reported by Grier et al. (2015) and Hemler et al. (2019) . In this paper, we confirmed the significant correlation between the fractional variation of the ionizing continuum and that of C IV and/or Si IV BALs (see Table 1 ) in 8 quasars of the SDSS-RM project, which serve as strong evidence for ionization driven BAL variability as rapid response to changes in the incident ionizing continuum.
Saturation effect
Saturation in absorption lines can make significant influence on the correlation between the continuum and absorption line variations because a saturated absorber might respond to the continuum fluctuations softly or even no respond. pointed out that saturation in absorption lines could be one of the reasons for the substantial scatter of the plots for the fractional variation of the ionizing continuum versus that of both C IV and Si IV BALs. also found that the fractional variations of Si IV BALs seem greater than C IV BALs, which indicates that the C IV BALs suffering from more saturation than Si IV BALs. further confirmed the moderate anticorrelation between the Si IV BAL fractional variations and the ionizing continuum in 74 quasars that show obvious change in Si IV BAL but no or small change in C IV BAL (hereafter Phenomenon I), revealing the ubiquitous effect of the ionizing continuum variability on Phenomenon I. Vivek (2019) found that the BAL sample with shallow trough shows stronger correlation between the absorption line and the ionizing continuum variability.
Visually check Figure 1 we can find that most of the quasars show larger variation amplitude in Si IV than C IV, which is in agreement with previous studies. In particular, several quasars (e.g., SDSS J023139.53+001758.3, SDSS J142419.17+531750.8 and SDSS J142422.50+525903.3) show Phenomenon I. These results reveal the ubiquity of saturation in these BALs (at least for C IV BALs), however, the ionization variation in response to the ionizing continuum variations could still be the driver of their changes.
Limitations
Although the significant correlations between the fractional variation of the ionizing continuum and that of the C IV and/or Si IV BALs in each of 21 BAL quasars have been confirmed by the Spearman's rank correlation tests, most of the relations show substantial intrinsic scatter, which is corroborated by small correlation coefficients. Excepting the saturation effect from the BAL troughs (Section 3.4), the quality of the SDSS spectra (both resolution and S/N) may have a significant effect on this scatter. As a consistency check, we estimated the correlation coefficients and performed linear fittings using the Bayesian approach by Kelly (2007) , which takes into account the measurement errors in the variables and intrinsic scatter. As shown in Table 1 , most of the Bayesian results are consistent with the results of the Spearman's rank correlation analysis, which indicates that most of the reported correlations indeed hold. The only exception is the SDSS J024747.59-004810.0, which shows big deviation with large error. Future high quality monitoring will help us to confirm whether the correlation indeed hold or not in this quasar.
Another reason for the scatter could be that some quasars actually show no obvious EW variation in most of their observations. For example, the SDSS J142225.03+535901.9 and SDSS J141421.54+522940.2 both show obvious EW variation in only a few observations, which could be the reason of the gaps shown in the plots.
CONCLUSION
We have made the correlation analyses between the fractional variation of the ionizing continuum and that of the C IV and Si IV BALs for each of 46 BAL quasars that have been observed by SDSS at least 5 times, and have confirmed significant correlations in 21 of them. We have presented the following results and discussions on them.
(1) The significant correlations between the fractional variation of the ionizing continuum and that of the C IV and/or Si IV BALs for each of 21 quasars have been found. We think this result reveals the fluctuation of the ionizing continuum is the driver of most of these BAL variations.
(2) We find that 17 out of them show negative correlations, while the other 4 examples show positive correlations. These results support the previous systematic studies and the photoionization model, in which when the absorbing gas are at a relatively low ionization state, the EW of the C IV/Si IV BAL shows positive response to the continuum variation, otherwise, a negative response appears.
(3) 8 quasars out of our sample have been observed at least 30 times within a few days. The significant correlations between the fractional variation of the ionizing continuum and that of C IV and/or Si IV BALs (see Table  1 ) in these quasars serve as strong evidence for ionization driven BAL variability as rapid response to changes in the incident ionizing continuum.
(4) We find that most of the 21 quasars show larger variation amplitudes in Si IV than C IV, which reveals the ubiquity of saturation in these BALs (at least for C IV BALs). Saturation in BALs may lead to the substantial dispersion of the plots for the fractional variation of BALs. Even so, the correlations between the absorption line and the ionizing continuum variability still be apparently presented.
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